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Challenge:	



•  How can we use our knowledge of 
earthquakes together with burgeoning data 
streams to provide the most accurate and 
useful information to emergency managers 
and to the public in the event of heightened 
activity in Cascadia?	
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Cascadia Megathrust Sequences	


•  Megathrust rupture unlikely to be a single event	



–  M9 (NSHMP 67% weight) will have aftershocks, likely 
including M8 earthquakes months/years later	



–  Several events M8-8.7 (NSHMP 33% weight), temporal 
evolution of sequence unknown 	



•  Indicators that Cascadia event sizes vary:	


–  Turbidite studies (Goldfinger et al.) indicate more events, 

shorter recurrence intervals (220 years) southern Oregon	


–  Nelson et al. (various paleo indicators) find evidence for 

shorter recurrence intervals in southern Oregon	


–  Tremor-slip events in southern Oregon recur more often and 

seem to represent less slip than northern Cascadia ETS events	



Cascadia Policy Challenges	


•  3 states, 2 countries involved 	


•  State emergency management agencies (and FEMA) unprepared to 

receive “advisory” information	


–  OR and WA have no experience with earthquake “advisories”	


–  CA seems less prepared to use advisory information than in the past	



•  Many organizations collect, monitor data, but synthesis not routine	


–  Earthquake monitoring by PNSN, NCSN, and national network	


–  Tremor detection & location - UW, GSC	


–  GPS (PBO, other operators, CWU analysis)	


–  Strain (PBO data, USGS analysis)	



•  Advisories could potentially arise from	


–  Potential foreshocks	


–  Accelerated aseismic slip - very little basis for evaluation	



•  Emphasis is on “The Big One” - whereas a Cascadia megathrust 
sequence might very well include more than one  event of M>8	
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Where we are now (Nov 2010)	


•  CA, OR and WA, and BC Emergency Managers and 

Geological Surveys are aware of issues, eager to plan	


–  However, OR, WA, and BC EM’s mainly focused on response to 

damaging event, not anticipatory advisory-type information	


•  FEMA: not involved yet	


•  USGS: monitoring enhancements	



–  Software to visualize diverse data types/ ARRA funding (in 
progress)	



–  Need:  Protocols for communication among non-USGS monitoring 
groups (probably easier after software development further along)	



•  NEPEC: appoint subcommittee of regional experts -?	


–  Deal with Cascadia subduction earthquakes, not all events within 

OR and WA (PNSN handles those)	


–  Standing subcommittee, or disbands after several meetings?	



Tasks that need doing soon:	


•  Develop comprehensive set of plausible possibilities for 

Cascadia sequences	


–  Seismic sequences (foreshocks, aftershocks,other)	


–  aseismic events	



•  Evaluate the degree to which we can quantify time-
dependent short-term probability of a damaging 
earthquake based on potential foreshocks or anomalous 
aseismic events	


–  Decide what data and analyses would be helpful in real time	


–  Call attention to research and monitoring needs	



•  Written statements, prepared with EM input: 	


–  Statements for automatic release (example next)	


–  Templates for rapid release	
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Cascadia Foreshock Issues	


•  Available data insufficient for robust statistics	


•  Current seismicity seemingly unrepresentative	



– Very little offshore coverage	


•  NSF Cascadia-MARGINS will fund OBS’s, but no real-

time data from them	



•  Limited ability to resolve exact nature of event	


– Depth to subducting slab uncertain in Oregon	


– Network coverage poor in southern Oregon	



Cascadia 
Subduction 

Interface 
Seismicity	



Pacific Geoscience Center, updated by ER	



1946 M7.3	


1919 M7.0	



1873 M7.3	



1992 M7.1	



2004 M4.9,4.7	
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Interface events (M<=4.7) at downdip 
edge of locked zone	



Trehu et al. Geology 2008	



M4.1 Southern 
Oregon���

February 26 2009	
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Oct 18 2010 - on Subduction 
interface?	



Oct 18 2010 N Ca event	
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ANSS earthquakes within last 7 
days as of 1900 UTC on 10/25	



Tremor 
map 15 
thru 24 

Oct	
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Tremor 
map 15 
thru18 

October	


qv_proc_plot_gtsm_list.pl


First event returned from 
request for 15 Oct to 24 Oct:	



2010-10-17 11:15:00, 
40.780,122.750 	

NC	



Tremor 
map 18 
thru 24 
October	
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Seismicity of Great Earthquake 
Rupture Zones	



•  Earthquakes >M8.5 worldwide show a seismicity pattern that 
sometimes includes foreshock activity (Perez and Scholz, JGR,1997)	
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Aseismic Deformation: “ETS” 	


•  Published papers argue for aseismic slip preceding 	



–  1960 Chile earthquake (apparently not for 2010 Chile EQ)	


–  1944 M8.1 Tonankai earthquake (basis for Tokai Prediction Expt)	



•  Modeling studies imply changes in intervals between, updip extent, 
and amount of slip during episodic slip events	



•  Northern Cascadia ETS events seem to be “business as usual”	


–  They undoubtedly transfer stress to the locked zone	


–  But probability increase of typical event is small	



•  What about aseismic deformation that differs from “business as 
usual”?	


–  Updip, ie, closer to locked zone	


–  Much larger	



Approaches to getting probabilities 
from ETS geodetic data:	



•  Tokai approach:  does geodetic data from slow 
slip event indicate slip near anticipated hypocenter 
of next great Tokai EQ?	


–  We don’t have an idea of the hypocenter of the next 

Cascadia EQ.	


•  Parkfield approach:  what is distribution of 

particular anomaly size in the record from the 
instruments?	



•  Cascadia approach(??): Keep recording and 
comparing events, build up knowledge of how 
much “background” events vary	
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Tasks that need doing soon:	


•  Develop comprehensive set of plausible possibilities for Cascadia 

sequences	


–  Seismic sequences (foreshocks, aftershocks,other)	


–  aseismic events	



•  Evaluate the degree to which we can quantify time-dependent short-
term probability of a damaging earthquake based on potential 
foreshocks or anomalous aseismic events	


–  Decide what data and analyses would be helpful in real time	


–  Call attention to research and monitoring needs	



•  Written statements, prepared with EM input: 	


–  Statements for automatic release (example next)	


–  Templates for rapid release	



Many groups need to be represented ���
(or at least feel heard)	



•  All 3 states, 2 countries involved 	


•  FEMA, Canadian Hazards agency	


•  NOAA Tsunami Hazard Program	


•  State and provincial emergency management agencies	


•  USGS, GSC	


•  State geological surveys 	


•  Organizations collecting/monitoring data	



–  Earthquake monitoring: PNSN, NCSN, ANSS	


–  Tremor detection & location - UW, GSC	


–  GPS (PBO, other operators, CWU analysis)	


–  Strain (PBO data, USGS analysis)	


–  OBS data (U of O, NSF)	


–  SOSUS data (NOAA PMEL)	



•  Hazards/Social Science community	


•  Earthquake scientists in region	


•  Earthquake scientists doing related research 	



~20 groups	



All of whom 
seem to 
bring needed 
information	



Adds ~10 more people	
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To manage large group:	


•  Appoint small (5-8) member NEPEC subcommittee	



–  Defines questions and problems	


–  One question is, whether a standing subcommittee is needed	



•  Convene representatives of all interested groups in one 
workshop* to address those questions	



•  Small subcommittee summarizes workshop results and plan	


•  Plan circulated to larger group	


•  Plan “finalized” by NEPEC subcommitee	


•  ….but will require periodic updating as more information 

becomes available (5-6 year intervals?)	



*Funding source for such a workshop needs to be identified	



When an event occurs:  Info needed to evaluate 
likely evolution of activity (NEPEC’s job)	



•  Detection and characterization	


–  Some automatic and fast (eq locations, some moment tensors)	


–  Some quick, but require human interaction (moment tensors, depths)	


–  Some characterization done later on research basis	



•  Communication to outside world, promoting one unified message	


–  Automatic: Noncontroversial “facts”	


–  Pre-agreed templates to be filled in  based on quick analyses and prompt 

conference among experts	


–  Advisories?  Do we know enough?	



•  Enhanced monitoring and data collection	


•  Detailed interpretation by “experts”: standing NEPEC subcommittee??	


•  ….”awakening” of Cascadia could initiate a long period of 

intensified vigilance	
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Possible wording of a message that 
could be released automatically	



Continues….	



Continues….	



Possible Automatic message, continued	
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Possible Automatic message, end	



Suggested Members/Specialties ���
(in addition to NEPEC members , local USGS scientists) 	



•  Herb Dragert, Geological Survey of Canada	


•  Takeshi Sagiya, Geographical Survey Inst (subduction 

zone geodetic monitoring in Japan)	


•  Kerry Sieh (paleoseismology, subduction sequences)	


•  Hiroo Kanamori (Chile earthquake)	


•  Lori Dengler (Northern CA hazards)	


•  State Geological Surveys (1 rep from each state)	


•  Steve Kirby (subduction zone physics)	


•  Expert analyst of seismic signals from very large events 

(Doug Dreger?)	


•  John Pallister - volcano connection; experience with real-

time responses to volcanic crises	




